Introduction
Accelerated alteration of the global environment generates urgent need for adaptation of human societies to the chemosphere (chemicalization) and infectosphere (emerging infections), involving preventive measures at population level. The novel trends and discoveries in relation to human health -e.g. epigenetics, nanotechnology, regenerative stem-cell medicine or the human microbiome research -generate new attitudes in public health as well. We should inevitably and urgently integrate the innovations into our research and activities at all levels of prevention. In these columns We try to outline the public health concern of the ongoing microbiome research as a revolutionary new field in medicine and biology.
Environmental toxicology and the microbiome
In the early 1970's a genotoxicity test called host-mediated assay became very popular in genetic toxicology. 1 The main innovation of the test was that the particular exposing agents were metabolized by the host (rodent) organism, but finally the end-point (reverse gene mutations) could be studied on the standard Salmonella typhimurium strains. The bacteria injected to the peritoneal cavity of the treated animal were finally retrieved, plated and their mutation frequency was measured. That is, the target (bacterial) cell -the object -of the toxicity study and the subject of the study (rodent) were two different entities. Later, continuing this principle lower and higher eukaryotic (yeast, mouse lymphoma) cells were also applied for this purpose. 2, 3 In other words, what it was changed is the philosophy of testing.
Nowadays, investigations on the gut microbiome seem to propose a brilliant similar opportunity to develop novel, highly specific and selective toxicity tests. As we also see in the recently published papers on environmental health, more and more well-known environmental toxicants have been proven microbiome disruptor as well, altering the species-distribution of this very sophisticated microbial community. [4] [5] [6] Actions of environmental toxic agents are followed by disturbances in these bacterial populations, affecting their size and growth characteristics. Some of them disappear, others overgrow. The marked alterations can be exactly detected at the metagenome level. Of course, the metagenome analysis is not an everyday routine examination. Not yet.
On other hand, a toxicity test requires a well quantifiable parameter to be tested, because finally we should decide if the compound is toxic or not. If toxicologist perform several tests with many compounds, then it would be possible to develop a quantitative evaluation system handin-hand with the statisticians. This requires hard and highly interdisciplinary work as the microbiome is not only a human organ but rather an ecological system involving specific features, trends, interests and evolutionary strategies of its elements. 7, 8 This is what biologists call as emerging properties. 9 That is why neglecting the ecological (super-individual) approach would be a fatal error.
New, simple, reliable and standardized toxicity tests are urgently needed. Let us remember that the number of chemical agents (registered by the CAS) has reached the 102 million. 10 About 1% of them finally appear in the human environment. In case of vast majority of these compounds we do not know anything on their toxicity profile. Let us take this new chance without hesitation.
Nutrition and the microbiome
Another crucial link from gut microbiome research to public health is the issue of nutrition. Safe, healthy and nutritionally adequate diet is not available for every population on the Earth.
Over two billion humans suffer from the limited intake of micronutrients, 26% of the children on the Earth are stunted as a consequence of malnutrition. 11 In the so called developed countries people may also be malnourished. It is called as quality starvation because the calorie intake is even higher than optimal, but the quality of food is very low. Typical examples for this phenomenon are the transient (the post-communist) countries. Even after a quarter-century of the democratic change deprivation is still highly characteristic to the average population in these countries. In addition to socioeconomic factors, the consumption of low-price junk food in these countries is a consequence of the lack of knowledge on healthy nutrition, and the pressure exerted by the food industry which tries to maximize its profit. This food is full of artificial additives, sometimes contaminants or pollutants, as well. And this is only one in the long line of problems with the dietary habits in the industrial countries.
On the basis of the principles of primary prevention we should prohibit/discourage consuming food containing constituents of potentially hazardous or adverse effects. But it seems to be very difficult under the present financial circumstances. Theoretically health promotion should be able to handle these problems, but it takes decades to substantially change the dietary habit of population level, while the efforts might not be effective enough in the lack of socio-economic conditions, and due to the deeply embedded unhealthy eating patterns in the society. What policy can be made then in this situation?
Let us consider the other side of this issue. The estimated costs of malnutrition, in all forms amount to 5% of the world's GDP, about 500 USD/earthling. 12 If the diet of the population cannot be optimal, we should find an additional modifiable factor in this process. And this may be the gut microbiome. Distribution and composition of the microbiota is changeable, probiotics are popularly used in the developed countries to reconstruct the microflora e.g. after an antibiotic therapy. Assuming that microbiologists can engineer new strains of bacteria carrying specific features, like rapid decay of toxic, carcino- genic, atherogenic, etc. constituents, important characteristics and toxicological features of the food could be substantially changed. The diet-microbiome interactions may be moderators of human metabolism. 13 Does this mean that with the ingestion of a capsule with the mix of relevant bacterial strains we can colonize our gut with beneficial organisms that prevent us from cancer, cardiovascular or metabolic diseases as type 2 diabetes, etc.? What a perspective! What a brilliant opportunity for decreasing incidences of public diseases! The history, however, has taught an important lesson to those working in the field of disease prevention. There are no miracles! People cannot expect to take one miracle capsule per day, and solve their health problems without further efforts. Vitamin C, resveratrol, and several potentially cancer preventing/curing dietary supplements made from exotic plants, just to mention some such attempts. After extensive research these compounds found their appropriate roles in disease prevention, but not as miracle molecules, not as replacements of health lifestyle.
Utilizing the preventive -and even possible therapeutic -power of modifications of the gut microbiome has to find its place as well. There are enormous opportunities in this area, and to explore them extensive research must be focused on this recently developed new organ inside the human body, including its homeostasis, connections with other organs and organ systems, safe ways and health consequences of its modification, and possible hazards and side effects associated to these modifications. This may open a new, bright and promising chapter in the health research of the 21 st century.
Sesquitary prevention?
Looking at the revolutionary development of medical and pharmaceutical technologies, this idea is not a science fiction. In case of its realization, however, a theoretical question is also arisen. Namely: what level of prevention are we talking about? This intervention is neither primary nor secondary preventive measure. It can rather be referred as another new level between them: the sesquitary level of prevention.
